A combination of dry salting and sun drying is one of the oldest and most important techniques of fish conservation in Brazil. Dried salted fish prepared by this method can easily be found in the Northern and Northeastern States. The main problem is the lack of process control, which can provoke lead to products with low microbiological and/or nutritional control. Mapará fillets were osmotically dehydrated according to a 2 4-1 fractional factorial design for each hypertonic solution (salt-sucrose and salt-corn syrup). The effects of the salt (12 to 14%) and sugar (30 to 40%) concentrations, temperature (30 to 50 C) and immersion time (6 to 12h) for both water loss (WL) and solids gain (SG) were evaluated. Through the obtained results, it was verified which type of solution resulted in greater water loss and smaller solids gain. In the design using sucrose and salt, only the sugar concentration wasn t significant for water loss and solids gain. All the effects were significant. In the design using corn syrup and salt.
INTRODUCTION
A preliminary osmotic dehydration is often used with the objective of improving the quality of the dry food and it is not aimed a massive water removal. This pre-treatment has a protective effect on the structure of the dried material. The amount and rate of moisture removal during the osmotic process depend on some processing variables and parameters such as: type of solute and its concentration in the osmotic solution, time of immersion, temperature, etc.
In aqueous ternary solutions which contain salt and sugar, the antagonistic highly effects to solute gain for processed products have been reported. Salt uptake is especially limited by the presence of sugar. This barrier effect of sugar on salt penetration was demonstrated for fruit and vegetable products (Bolin et al.,1983; Lenart & Flink, 1984) and animal products (Favetto et al., 1981; Collignan & Raoult-Wack, 1994; Bohuon et al., 1998) . This phenomenon is due to the formation of a highly concentrated sugar coating on the food product (Collignan et al., 2001) .
Many researchers have studied differents aspects of the osmotic dehydration, such as kind and concentration of the employable solute, time and temperature of the process, combination of the osmotic process with other unitary operations, quality of the final product, etc. (Raoult-Wack et al., 1992; Medina, 1998; Araújo, 2000; El-Aouar, 2001 ). Then, the removal rate of water strongly depends on the parameters and variables in the process. Generally, the mass transference is as high as the solute concentration, contact time, agitation and temperature. The water outcome is more benefited through the use of high temperatures than the solute insertion (Poting et al., 1966; Lerici et al., 1985) .
The objective of this work was to determine the effect of ternary solutions on the osmotic dehydration of (Hypophthalmus edentatus) fillets, according to a 2 4-1 fractional factorial design for each hypertonic solution (salt + sucrose and salt + corn syrup), and after verify, which type of solution resulted in the greatest water loss and solids gain from the results of each design.
MATERIALS AND METHODS
It was used mapará catfish species (Hypophthamus edentatus) from EDIFRIGO localized in Santarém city in Pará state. The native animals from rivers of Pará state were transported to Campinas city previously rinsed (with chlorinated water), eviscerated, packaged and frozen at -18 C to be transported to Campinas city.
Osmotic Dehydration
Filets were cut, in the frozen state, in flat slab geometry (0.5cm thick and 5cm length). After cut the samples were thawed under refrigeration at 10 C for 10 hours, according Beraquet and Mori (1984) . Each sample was individually weighted (7g) and placed in beaker with dehydration solution with the same process temperature. The ratio product / solution, equal to 1/5, were chosen in order to avoid significant dilution of the solution during the osmotic treatment. The whole beakersample was placed in a shaker (Tecnal, model 421) , with agitation and temperature controls. The slabs were taken out after predetermined times, quickly rinsed and superficially blotted in absorbing paper and weighed Moisture content was determined in a vacuum oven at 70 C for 24 hours. The water loss and solid gain, where calculated through the Equations (1) and (2), respectively (Hawkes and Flink, 1978 
Experimental Design
The effect of different processing conditions was determined. A 2 4-1 fractional factorial design was used for each hypertonic solution (salt-sucrose and salt-corn syrup) in order to maximize water loss and minimize solid gain. It was carried out a design with 11 points, where the influence of dehydration on the temperature, salt and sugar concentrations, and immersion time were studied. The obtained responses were water loss (WL) and solid gain (SG). Table 1 shows the levels of studied variables.
The Statistica 5.0 (Statsoft, 1997) package was used. In order to obtain the magnitude the independent variables effects. Table 2 shows the values for water loss and solids gain obtained experimentally in osmotic dehydration of mapará fillet using different ternary solutions of NaCl + sucrose and NaCl + corn syrup, according to data from the table of the 2 4-1 fractional factorial experimental plan, with three central points. The experimental data were obtained through 11 combinations between the following independent variables: temperature, NaCl concentration, sugar concentration, and immersion time. Tables 3 and 4 presents the magnitude of the independent variables effects on water loss, both with NaCl sucrose solution and NaCl-syrup corn solution. The results can be more clearly visualized through the bars chart (Figure 1 ). The aim of the fractional factorial is to verify the intensity of the effects and its significance instead of the model validation, by this reason there was no necessity of evaluate the effects through residual error.
RESULTS AND DISCUSSION
It s necessary to observe the magnitude and signals of the effects to interpretate tables 3 and 4. The influence on the on the studied sample is as high as the effect value.
The signal shows the proportionality of the variation of the effect related to the answer.
For example, a positive sign shows that the existence relation between the independent variable and the response is proportionally straight, that is, the passage from an inferior level to a superior one of the independent variable results in an increased value of the response. For a negative sign, the relation is proportionally inverse.
The t value shows how great the variable is about to its deviation. Then the probability for the variable to be statistically significant is as high as the value of the coefficient t.
The confidence interval is chosen at a value of 95%. One can say that the variable is considered statistically significant for values of p inferior to 5% and for superior values of p the variable isn t considered statistically significant.
For the water loss answer, it can be said that the factors which are significant at 95% (whatever is for the NaCl + sucrose solution or the NaCl + corn syrup) are: temperature, NaCl concentration, and time.
It is observed that for a fractional factorial using a NaCl + sucrose solution, the sugar concentration at a p>0.05, which signs that its effect is not significant. The same does not happen when a NaCl + corn syrup solution is used, where sugar concentration is significant at 95% of trust (p 0.05). Through the chart at Figure 2 , it is verified that the temperature is the parameter which has the biggest influence on water loss, when it is used the NaCl + sucrose solution, following the NaCl concentration and time. When it is used NaCl + corn syrup solution, it is the temperature which exerts more influence, followed by the time, NaCl concentration, and corn syrup concentration. All the significant effects of both fractional factorials which were studied have positive effect on the response, that is, the water loss is increased with the increase of any significant parameter. Another important factor at Figure 1 , is to verity that the temperature effect on water loss is bigger in the experiments made with NaCl + sucrose; and it is observed that, for equal conditions of NaCl concentration, sugar concentration, and immersion time, the highest values for the response were obtained for the dehydrated fillets in ternary solution of NaCl + corn syrup, that is, its values for water loss were higher than those found at the NaCl + sucrose plan.
Solids gain
The magnitude of the independent variables effects on solids gain, for NaCl + sucrose solution and for NaCl + corn syrup solution, is shown at tables 5 and 6. The Result can be more clearly visualized through the bars chart (Figure 2 ). Through tables 5 and 6, it is observed that the factors which are significant for the solids gain and answer at 95% of trust (whatever is for NaCl + sucrose solution or for NaCl + corn syrup solution) are the temperature and NaCl concentration. The parameters which have a p>0.05, are not significant at 95% of trust, in this case, the sucrose concentration for the plan using this sugar does not have any effect on the solids gain answer.
Temperature Salt Sugar Time Figure 3 -Estimated of the significant and not significant effects for solids gain during the osmotic dehydration of mapará fillets, using ternary solutions.
At Figure 3 , where there is a bars chart of the variables effects, it is observed that the plan which uses NaCl + sucrose solution presents the temperature as the parameter that has more influence on the solids gain, following time and NaCl concentration. Now when NaCl + corn syrup solution is used the temperature is the one whish has more influence, following corn syrup concentration, time, and NaCl concentration. The temperature for the two essays have negative effect on the answer, that is, with the increase of temperature there is a decrease in the solids gain. All others parameters have positive effect on the response when one pass from a minimum value, to a maximum value, the solids increase. For the same conditions of temperature, NaCl concentration, sugar concentration, and time; of both the plans, it can be said that the biggest effects values are in the plan that uses sucrose in the ternary solution, even for temperature that has a negative effect. The exception is in the sucrose concentration which does not have the same significant effect on the answer.
In agreement with Contreras and Smyrl (1981) , the kind of sugar used in the solution affects the kinetics of the process. The use of solutes that has high molecular weight favors water loss and the decrease in the solids gain (migration is limited by the high molecular weight), promoting higher loss of weight in the material. Sugar with low molecular weight (glucose, frutose), favor incorporation of solids, due to the high velocity of penetration of the molecules.
In agreement with the results of water loss and solids gain from the plan using NaCl + sucrose, it was verified that the sucrose concentration, could stay constant in its low level (30%), which does not affect the responses, searching to reduce the cost of the process.
The concentration and composition of the solution are variables which influence the water loss and solids gain; Raoult -Wack et al. (1991) studied the influence of concentration and molecular weight of the solute in the water loss and solids gain and they observed that in low concentrations, the solute gain is higher than the water loss, but this effect reaches a maximum. Value for high concentrations, the solids gain is much less than the water loss (dehydration effect). The same authors verified that the water loss increases and the solids gain decreases with the increase of the molecular weight of the solute. Emam-Djomech et al. (2001) studied the interaction of the solutes in the solution and the effect of aqueous multicompound solutions, with salt and sugar, in the osmotic dehydration of an agar gel, and found that the coefficient of apparent diffusion, when a ternary solution was used, diminished when it s compared with binary solutions.
In agreement with Contreras e Smyrl (1981) , the use of corn syrup in the osmotic process in an apple, following for a dry up, when compared with the sucrose, its use is advantageous. As the diffuseness coefficient of water depends on the dissolved solids content (the diffuseness decreases with the increase of solids), the minor incorporation of solids in the osmosis with corn syrup favors the fast exit of water from the fruit.
CONCLUSIONS
The effect of temperature in the water loss is bigger in the experiments with NaCl + Sucrose; it is observed that, for the same conditions of NaCl and sugar concentration, and immersion time, for the higher values of the response were obtained for the dehydrated fillets in ternary solution of NaCl + corn syrup, that is, its values of water loss were greater than the ones found in the NaCl + sucrose.
For the same conditions of temperature, NaCl concentration, sugar concentration, and time, of both plans, it is verified that the higher values for solids gain were in the plan which use sucrose in the ternary solution.
In agreement with the water loss and solids gain obtained when NaCl + sucrose solution was used, it was verified that the sucrose concentration was not significant at a level of 95% of confidence
